Introduction
Thread embedding acupuncture (TEA) is a type of acupuncture treatment utilizing an absorbable thread that is attached to a needle. 1 After the acupuncture needle is inserted and removed, however, the thread is buried into human body to treat various disorders such as osteoporosis, constipation, and gastritis. [2] [3] [4] Recently, TEA targeting under dermis became known to be effective for facial wrinkles and laxity; its practice has begun in clinics. 5 TEA is similar to suture suspensions practiced in plastic surgery clinics; however, the procedure tools and methods are different. For several decades, there has been a growing trend for patients to pursue natural effects, to be reluctant for effects to be noticed upon immediate return to social and professional life, and also to prefer absorbable implants or materials. TEA is less invasive, and has short downtime and fewer side effects when compared with the surgical wrinkle removal sutures. 6 There is little clinical evidence in the literature regarding the effects of TEA. In recent years, few retrospective chart reviews reported the effectiveness and safety of TEA for facial wrinkles and laxity using subjective satisfaction rating systems as primary outcomes. 7, 8 We conducted a single-arm, prospective, open-label study to investigate the effect of TEA on facial wrinkles and laxity using a quantitative outcome.
Methods

Ethics approval
This study was performed in accordance with the International Committee on Harmonization Good Clinical Practice guidelines and the revised version of the Declaration of Helsinki. The trial protocol was approved by the Institutional Review Board of Kyung Hee University Hospital at Gangdong (KHNMC-OH-2014-09-007-002). Written informed consent was obtained from all participants prior to enrollment, and participants were given ample time to decide about participating before signing the consent form.
Participant recruitment and inclusion/exclusion criteria
Participants were recruited by advertisements on bulletin boards at Kyung Hee University Hospital at Gangdong. Included were individuals (1) who were women, (2) aged 40-59 years, (3) with Glogau photoaging scale III or IV, 9 and (4) who agreed not to receive any other treatment during the study period. We excluded individuals who (1) were pregnant or breastfeeding; (2) had botulinum toxin, filler, or other implant injection within 6 months immediately prior to study entry; (3) had a keloidal or hypertrophic scar tendency; (4) had a his- A) B) C) tory of herpes simplex; (5) had allergic skin disease; (6) were allergic to topical anesthetics or stainless needle; (7) had diabetes or tuberculosis; and (8) were taking anticoagulants or thrombolytic agents.
Sample size estimation
We wished to estimate the sample size that would be sufficient to detect significant differences in the "jowl to subnasale vertical distance" between before and after the procedure. Sample size was determined based on the results of a recent study. 10 The mean difference and standard deviation of "jowl to subnasale vertical distance" before and after the procedure were 5.6 mm and 6.4 mm, respectively. Calculations were performed using 80% power, a 5% significance level, and a 10% dropout rate. The required sample size was approximately 14 participants:
C is a constant that depends on the values chosen for ␣ and ␤, S is standard deviation of the variable, and D is difference.
Thread embedding acupuncture
Cog-shaped TEA, screw-shaped TEA, and three different lengths of mono TEA (Miracu; DongBang Acupuncture Inc., Boryeong, Korea) were used in this study. Detailed specifications are described in Table 1 , and different types of TEAs are presented in Fig. 1 .
TEA procedure
The procedure was performed on the left side first, and then it was performed in the same way on the right side. The procedure for the left side of face is described in this manuscript. TEA needles were inserted into the subcutaneous soft tissue layer, under the dermis, according to the lines shown in Figs. 2-4. After insertion of mono and screw TEA needles, removal of the needle alone results in the thread remaining intact in the tissue. After the insertion of bidirectional cog TEA needle, the threads out of the skin were gently pulled upward in the opposite direction of laxity, for the cogs to hold the soft tissues well. The thread ends are cut and pushed into the subcutaneous tissue.
Preparation
EMLA cream (AstraZeneca, Alderley Park, Cheshire, UK) was applied on the whole face for 1 hour before the procedure. The procedure areas were covered with Betadine.
Correcting jowls
(1) A mono TEA needle (length 5 cm) was inserted according to the straight line from acupuncture point ST5 to ST6. Relative to this line, three further TEAs were inserted in the same manner with the same 5 cm intervals, and then the needles were removed (Fig. 2-A) . (2) A mono TEA needle (length 5 cm) was inserted according to the straight line from acupuncture point ST6 to ST7. Rel- ative to this line, three further TEA needles were inserted in the same manner with inward 5 cm intervals, and then they were removed ( Fig. 2-A) . (3) A bidirectional cog TEA needle was inserted according to the straight line from acupuncture point ST6 to ST5. Relative to this line, three further bidirectional cog TEA needles were inserted in the same manner with 5 cm intervals. The threads out of the skin were gently pulled upward, and the thread ends were cut and pushed into the subcutaneous tissue ( Fig. 2-C) .
Fig. 3 -Correcting nasolabial folds. (A). (B).
(4) A screw TEA needle was inserted according to the Marionette line ( Fig. 2-B) . (5) A mono TEA needle of length 4 cm was inserted from right to left around the CV23 ( Fig. 2-B ).
Correcting nasolabial folds
(1) A screw TEA needle was inserted according to the nasolabial folds ( Fig. 3-A) . (2) A bidirectional cog TEA needle was inserted according to the straight line from 2 cm outward and 1 cm downward from eye to LI20. Relative to this line, three further bidirectional cog TEA needles were inserted in the same manner with 1 cm intervals lateral downward. The threads out of the skin were gently pulled upward, and the thread ends were cut and pushed into the subcutaneous tissue ( Fig. 3-A) . (3) A mono TEA needle (length 5 cm) was inserted according to the straight line from LI20 to BL1, from 0.5 cm lateral downward of LI20 to ST2, from 1 cm lateral downward of LI20 to ST3, and from 1.5 cm lateral downward of LI20 to ST18 ( Fig. 3-B ).
Correcting mid and lower face sagging
Two mono TEA needles (length 5 cm) were inserted according to the straight line from ST6 to the direction of ST3 and ST2 continuously. Relative to this line, six further mono TEA needles (length 5 cm) were inserted in the same manner with 0.5-1 cm intervals lateral downward. Depending on the shape of the patient's face' (Fig. 4-A) .
Correcting under eye sagging
(1) Mono TEA needles (length 3 cm) were inserted according to the straight line from 0.5 cm below ST1 in the direction of the lateral angle of the eye (Fig. 4-B two more mono TEA needles (length 3 cm) were inserted at the left and right of the line, at 1 cm intervals. (2) Three mono TEA needles (length 3 cm) were inserted straight across ST1 at the bottom of the eye, across GB1 at the outer downward of the eye, and vertically in the direction of the lateral angle of the eye. Relative to this line, three more mono TEA needles (length 3 cm) were inserted in parallel (Fig. 4-B) .
Postprocedure care
The procedure areas were covered with Betadine. To minimize edema and bruising, an ice pack was applied for 10 minutes. Within the first 2 weeks after the procedure, excessive or big movements of the perioral muscles such as yawning, laughing, singing, and chewing were prohibited, as was facial massage. Participants were encouraged to sleep in a supine position.
Outcome measurements
Primary outcome measurement
The change of jowl to subnasale vertical distance using Adobe Photoshop and Illustrator (Adobe Photoshop CS6, Adobe Illustrator CS6; Adobe, San Jose, CA, USA) was the primary outcome measurement. Standardized photographs were taken for the participants at baseline on the day before and 1 week after the procedure. Photographs of the face were taken using the DSLR camera EOS 350D (focus length 55 mm, shutter speed 1/80, f/5.6, ISO 1600; Kiss Digital N, Canon, Japan) in a state fit for vertical and horizontal alignment of the patient. The before and after photographs were overlapped using Photoshop and were arranged horizontally and vertically to align the position and size of the pupil and face by an independent Photoshop expert. Then, the change of jowl to subnasale vertical distance was calculated using Adobe Illustrator (Fig. 5 ). Overall appearance of the face was assessed using a global esthetic improvement scale by two independent doctors of Korean medicine. 12 
Patient-oriented self-assessment scale.
Assessment of facial wrinkles and laxity was performed with a patientoriented self-assessment scale with the same frequency as the primary measurements. Participants assessed their degrees using a 10 cm vertical line visual analog scale. The scale was marked at the top with "most severe condition," with the bottom labeled as "fine condition."
Safety assessment. Adverse events associated with
TEA include swelling, ecchymosis, subjective feeling of tightness, pain, infection, dimpling, thread extrusion, and foreign body reactions. 13 At the follow-up visit 1 week after the procedure, all adverse events were recorded in the case report forms.
Statistical analysis
Data are presented as mean ± standard deviation. A paired t test or Wilcoxon signed rank test was used to examine any significant difference in the values of jowl to subnasale vertical distance, other facial line distances, Alexiades-Armenakas laxity scale, and patient-oriented self-assessment scale before and after the procedure according to the results of normality assumption. For the global esthetic improvement scale, we described the distribution of the results. In all tests, p < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS 21 (IBM Inc., Armonk, NY, USA); we used intention-to-treat and last-observation-carried-forward analyses.
Results
Participants
All the 14 participants screened were eligible and enrolled for the study. The mean age was 53.78 years (range: 40-59 years), and all participants were Asian females with Glogau photoaging scale III (Fig. 4) . All participants received TEA procedure; 12 of them revisited for the follow-up 1 week later and completed all outcome measurements. Two participants did not visit on the follow-up day; however, adverse events were investigated via a phone call.
Change of jowl to subnasale vertical distance
Prior to the procedure, values of the participants showed a normal distribution. Left and right jowl to subnasale vertical distances decreased 1.87 mm, and 1.43 mm, respectively; it is not statistically significant (Table 2 ).
Changes of facial line distance
Prior to the procedure, all values of the participants did not show normal distributions. Except for the right infraeye line, all mean distances of facial lines decreased; the changes of both melolabial folds and both nasolabial folds were statistically significant (Table 3) .
Alexiades-Armenakas laxity scale
Data are shown in Table 4 . Four participants were evaluated to have improved by both the independent evaluators. Each evaluator evaluated as "improved" for four and nine participants by 0.5 grades, respectively. 
Global aesthetic improvement scale
The evaluation results of the two evaluators were consistent (Fig. 6 ). Nine participants were evaluated to be "somewhat improved" (improvement of the appearance better compared with the initial condition, but a touch-up is advised), and five to be moderately improved (marked improvement of the appearance, but not completely optimal).
Patient-oriented self-assessment scale
Data are shown in Table 5 . Both laxity and wrinkle scale values decreased significantly.
Safety assessment
On the follow-up visit a week post procedure, postprocedural complications seen in these participants were minor: swelling, ecchymosis, and pain. Mild ecchymosis occurred in four of the 14 participants, and a wide range of ecchymosis occurred in three. Swelling and pain lasted until a week after the procedure in two participants; however, the severe condition disappeared 3-4 days after the procedure. Infection, dimpling, thread extrusion, and foreign body reactions were not seen in any of the participants.
Discussion
Interest in cosmetic procedure for facial wrinkles and laxity in Korea is very high; and preference for noninvasive, shortrecovery-time procedures has also increased lately. The aging process affects the skin and underlying tissues through intrinsic and extrinsic factors. With aging, thinning of the epidermis and subcutaneous fat layers occurs; progressive loss of organization of elastic fibers and collagen also occurs. These changes contribute to wrinkles and laxity of the face. 14 TEA is another type of acupuncture treatment utilizing an absorbable thread that is attached to a needle. 1 The TEA procedure is similar to subdermal suture suspension, which uses nonabsorbable polymer 15 ; however, unlike suture suspension, TEA uses absorbable and relatively fine, short threads and needles. In addition, the TEA procedure does not need to make a suture or long incision. In mono TEA, only the needles need to be extracted, and in cog TEA, the threads need to be pulled gently and the thread out of the skin to be cut; both types of TEA do not need to make an anchorage or sutures. These unique properties result in fewer scars, a low incidence of complication, and a short recovery time.
Recently, TEA targeting under the dermis became known to be effective for facial wrinkles and laxity and its practice has begun in clinics. 5 The material of TEA thread is polydioxanone, which is a synthetic monofilamentous polymer made of polyester or a polymer of polydioxanone. It retains 50% tensile strength after 4 weeks, takes 180 days to be absorbed, and also has low tissue reactivity. 16 Mechanisms of how TEA improves facial wrinkles and laxity are explained by two factors: tensile strength of threads, and tissue reaction around the implanted thread. In an in vivo study, longer, thicker mono or cog threads have more tensile strength, and thicker myofibroblast formation was observed around the cog thread than around the mono thread. 17, 18 According to an article that analyzed trends in academic research based on TEA, a total of 100 clinical trials used TEA until April 2016. Of these, 55 were case studies, 39 were randomized controlled studies, and six were case control studies. These studies explored the effects of TEA on internal diseases, musculoskeletal disorders, facial paralysis, and gynecological diseases. 19 Only seven cases related to facial cosmetics have been reported in Korea. To the best of our knowledge, no other form of research has been reported in other countries, including Korea.
Various types of threads with special design have been introduced; however, no studies reported using TEA for facial wrinkles and laxity with a prospective design. Previous studies on the effect of using similar thread-lifting procedures are sparse. There were two retrospective chart reviews of barbed thread. 7, 8 In addition, none have used quantitative and objective measurements or validated observer-rated esthetic scores.
In this study, in order to lift nasolabial fold, melolabial fold, and lower jaw region, 4-0 USP cog threads and 5-0 USP screw threads were used, whereas 5-0 USP mono TEA was used to improve laxity around the eye according to the method introduced earlier in a previous study. 6 In order to solve the difficulty of reproducibility, which is one of the problems of research for confirming the effect of cosmetic procedure, it was presented as figures of the procedure. In addition, in order to evaluate the results quantitatively, standardized photographs were taken before and after the procedure; two pictures were overlapped after the size and position were adjusted and the changes in wrinkles and folds were measured in this prospective study.
The Asian females with Glogau photoaging scale III, mean age 53.78 years, received one-time TEA procedure, and after a week of the procedure, left and right jowl to subnasale vertical distances decreased by 1.87 mm and 1.43 mm, respectively; however, the decrease is not statistically significant. Among the measured lines, changes of both melolabial and nasolabial folds were most evident (17.08 mm, 11.15 mm, 8.14 mm, and 13.45 mm, respectively). The results of the Alexiades-Armenakas laxity scale and global esthetic improvement scale after one-time TEA procedure show that better results could be obtained if additional correction procedure was done. Participants' winkles and laxity improved significantly. Ecchymosis, edema, and mild pain occurred up to a week after the procedure; however, infection, dimpling, thread extrusion, and foreign body reactions were not seen in all the participants.
On the basis of these results, TEA procedure of this study is relatively effective and safe for improving mid face laxity represented by melolabial and nasolabial folds. Otherwise, no signification effect was observed on the primary outcome of the study. We selected the change of jowl to subnasale vertical distance as a primary outcome on the basis of a previous study that evaluated the effect of face lift surgery. 10 Unlike face lift surgery, TEA procedure used in this study was not enough to improve the laxity of lower jowl region. These differences are thought to be derived from the length, thickness, and shape of the thread and also depend on the use of an anchorage or sutures.
Limitations of this study are as follows. First, without individualized procedures in accordance with the type and state of face wrinkles and laxity, all participants underwent the procedure in the same manner, and it is thought to have influenced the results. Second, there is a limit to the outcome measurement which is obtained by overlapping two pictures taken at different points in time. Since there are few quantitative, reliable, or validated outcome measurements up to now, many similar studies still use a subjective scoring system or pictures of the patients. However, there are ethical concerns regarding using pictures of participants in research, especially comparative research of cosmetic procedures. It is impossible to take a picture to which will make the person unidentifiable, but which at the same time can be evaluated for wrinkles and degrees of laxity. It is difficult to quantify the changes due to the procedure by posting pictures before and after the procedure. Development of a quantitative evaluation method will enable a comparative study of various cosmetic procedures, and not only accumulate the evidence of the procedure. Third, in the present study, we compared the results before and after the one-time procedure. However, in clinical practice in Korea, TEA procedure is conducted two to three times with 2-week intervals, according to the condition of the patients. Therefore, in order to evaluate the actual result that is close to clinical practice, it is necessary to conduct further study with TEA procedure that is conducted two or more times. In addition, it seems necessary to use thicker, longer mono or cog threads for the elevation of the soft tissue of lower face. It may be necessary in the future, based on the result of present study, to study how many procedures are needed to show better improvement with a revised procedure technique. In this study, a long period of observation was not followed. Since the period of the absorption of polydioxanone is about 6-7 months, and in vivo studies showed that collagen content gradually increases over time after implantation of the thread, 18 it seemed likely to produce more positive results in a long-term follow-up observation.
Nevertheless, this study is the first prospective clinical study to evaluate the efficacy and safety of TEA procedure on wrinkles and laxity using quantitative and objective measurements. The results of the present study could be used as the basis for further studies with a revised procedure or materials, an increased number of procedure, or a long-term follow-up observation.
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